1. Introduction {#sec1}
===============

Alzheimer\'s disease (AD) is a neurodegenerative disorder defined pathologically by the presence of amyloid β (Aβ) plaques and tau-rich neurofibrillary tangles [@bib1], [@bib2], [@bib3], [@bib4]. Cerebral Aβ pathology can be visualized in vivo using positron emission tomography (PET) imaging coupled with Aβ radioligands. Studies have shown increased brain Aβ load in AD patients compared to healthy elderly, with about 90% of patients with a clinical diagnosis of AD being classified as amyloid positive based on the PET scan [@bib5]. Aβ is known to accumulate progressively 15 to 20 years before dementia and even years before the detection of clinical deficits [@bib6]. Mild cognitive impairment refers to the clinical stage of cognitive decline that is greater than expected for a given age and educational attainment but does not interfere activities of daily living; such patients are generally considered to be in a predementia stage [@bib7]. When memory deficits are predominant, patients are called as amnestic mild cognitive impairment (aMCI) and thought to be more specifically at the prodromal stage of AD [@bib8], [@bib9]. Yet, aMCI patients will not all progress to AD dementia [@bib10], and they do not all present with an amyloid-positive PET scan [@bib11], [@bib12], [@bib13], [@bib14], [@bib15]. Thus, 47%--75% of aMCI patients present with high cortical Aβ retention on amyloid PET [@bib11], [@bib13], [@bib16], [@bib17], [@bib18], [@bib19]. aMCI patients with an amyloid-positive PET scan are more likely to convert to AD dementia: the percentage of progression to AD dementia over 2 to 3 years is 45% to 82% within the amyloid-positive aMCI (Aβpos aMCI) patients versus 0% to 11% within the amyloid-negative aMCI (Aβneg aMCI) [@bib11], [@bib13], [@bib16], [@bib17], [@bib18], [@bib19]. A more extensive appraisal of aMCI patients who present with the same symptoms but differ as regard to the presence or absence of abnormal levels of amyloid deposition would help understanding the specific cognitive and brain changes associated with a particular molecular phenotype. This is of high relevance for clinical diagnosis, to screen patients for anti-amyloid clinical trials, and to improve our understanding of the role of amyloid deposition in the pathophysiology of AD.

Previous studies assessing differences in cognitive performances between Aβpos aMCI and Aβneg aMCI have consistently reported greater deficits in episodic memory in Aβpos patients [@bib11], [@bib12], [@bib15]. Aβneg aMCI patients have been shown to be more impaired in nonepisodic memory domains compared to Aβpos aMCI [@bib12], [@bib20], although this was not found in all studies [@bib11], [@bib15]. As regard to brain atrophy, greater hippocampal atrophy in Aβpos aMCI than Aβneg aMCI was found in some [@bib12], [@bib14], [@bib21] but not all [@bib11], [@bib22] studies. Cerebral 18F-fluorodeoxyglucose metabolism has been studied only in three studies that found differences between Aβpos and Aβneg aMCI but in different regions according to the study. Thus, a decrease was reported in Aβpos aMCI compared to Aβneg aMCI in the temporoparietal or only in the precuneus [@bib15] or in the inferior parietal, inferior temporal, and precuneus [@bib14]. However, cognition, atrophy, and hypometabolism were assessed separately in these previous studies therefore not allowing to identify which changes are the most specific, within a population presenting with the same symptoms, to a particular molecular phenotype---that is, the presence of amyloid deposition.

Landau et al.\'s study [@bib13] is the only previous study providing an overall picture of the profiles of neuropsychological changes, brain atrophy, and brain hypometabolism in Aβpos versus Aβneg aMCI patients. They reported higher hippocampal atrophy and temporoparietal hypometabolism in Aβpos compared to Aβneg aMCI. Moreover, Aβneg aMCI had higher performances than Aβpos aMCI on global cognition and on episodic memory. The present study is complementary as it compares neuropsychological, atrophy, and hypometabolism profiles between Aβpos and Aβneg aMCI from a more restricted but monocentric sample and also includes a group of healthy controls so that each subgroup of patients could also be compared to a same control group (see the [Supplementary Material](#appsec1){ref-type="sec"} for further details). This comprehensive picture is yet needed to identify which changes are the most specific, within a population presenting with the same symptoms, to a particular molecular phenotype---that is, the presence of amyloid deposition.

2. Material and methods {#sec2}
=======================

2.1. Participants {#sec2.1}
-----------------

All participants were included in the Imagerie Multimodale de la maladie d\'Alzheimer à un stade Précoce (IMAP+) study (Caen, France), and the inclusion and exclusion criteria are detailed in the [Supplementary Materials](#appsec1){ref-type="sec"} and the previous publication [@bib23], [@bib24], [@bib25], [@bib26]. For the sake of the present study, 68 right-handed native French-speaking participants were included, comprising 44 patients with aMCI (20 Aβneg aMCI and 24 Aβpos aMCI; see section 2.4. Neuroimaging procedure) and 24 Aβneg healthy controls (HCs) (all amyloid negative; see section 2.4. Neuroimaging procedure). Participants were selected from the IMAP+ study database, if they were older than 55 years (inclusive), and had magnetic resonance imaging (MRI), FDG-PET, and florbetapir-PET imaging. We included in the present study all aMCI patients from the IMAP database meeting these criteria, but only the HCs who met these criteria and whose florbetapir PET scan was classified as amyloid negative (see section 2.4. Neuroimaging procedure). The two groups of participants were matched for age, gender, and education ([Table 1](#tbl1){ref-type="table"}).Table 1Demographic and clinical data for the amyloid-negative healthy controls (Aβneg HC) and the patients with amnestic mild cognitive impairment (aMCI) categorized by amyloid status (Aβpos aMCI and Aβneg aMCI)MeasureAβneg HC (n = 24)Aβneg aMCI (n = 20)Aβpos aMCI (n = 24)Group comparisonAge: years ± SD71.4 ± 4.473.1 ± 7.673.3 ± 6.7*P*~ANOVA~ = .52Gender: % male465058$P_{\chi^{2}} = .68$Education: years ± SD11.8 ± 3.99.9 ± 2.811.9 ± 4.3*P*~ANOVA~ = .16MMSE: score ± SD28.7 ± 1.026.9 ± 1.826.8 ± 1.7*P*~ANOVA~ \< .001; Aβneg HC \> Aβneg aMCI, Aβpos aMCIMADRS: score ± SD142.5 ± 1.3134.3 ± 4.7133.5 ± 6.1*P*~ANOVA~ \< .001; Aβneg HC \> Aβneg aMCI, Aβpos aMCIAPOE: % ε4 carriers4.220.077.3$P_{\chi^{2}}$ \< .001; Aβpos aMCI \> Aβneg aMCI, Aβneg HC[^1][^2]

Within a few days from recruitment, each participant underwent (1) a detailed neuropsychological battery detailed below, (2) a structural MRI scan, (3) a PET scan using 18F-fluorodeoxyglucose, and (4) a PET scan using \[18F\] florbetapir (AV45). All participants were scanned on the same MRI and PET cameras. The IMAP study was approved by regional ethics committee (Comité de Protection des Personnes Nord-Ouest III) and registered with [ClinicalTrial.gov](http://ClinicalTrial.gov){#intref0010} (number [NCT01638949](NCT01638949){#intref0015}). All participants gave written informed consent to the study before the investigation.

2.2. Neuropsychological assessment {#sec2.2}
----------------------------------

Neuropsychological tests and scores have been selected among a more detailed neuropsychological battery that covered the main domains of cognition that are affected by AD and other dementias. All continuous raw scores were transformed into W-scores, that is, age- and education-adjusted Z-scores [@bib27]. Eight different W-scores or composite W-scores were used to measure the following cognitive areas: episodic memory (free recall and recognition), verbal fluency, language, short-term memory, working memory, executive function, and visuospatial functions (see the [Supplementary Material](#appsec1){ref-type="sec"} for further details).

2.3. Follow-up procedure {#sec2.3}
------------------------

Using the same neuropsychological battery used at inclusion, all aMCI patients were evaluated every 6 months over a 36-month follow-up period to assess whether they met NINCDS-ADRDA criteria of probable AD or not; at the end of the follow-up period, patients were classified as converters to AD dementia, remained diagnosed as aMCI, or developed another pathology. Patients were declared as converters to AD if they had impaired performances (more than 1.65 SD below the normal means according to age and education when available) in at least one of the general global cognition scales as well as in at least two areas of cognition including memory, leading to impaired daily activities as judged by the clinicians from the consultation interviews. The decision was made by the clinicians blind to the amyloid status.

2.4. Neuroimaging procedure {#sec2.4}
---------------------------

Details on image acquisition and preprocessing are available in previous publications and in the [Supplementary Material](#appsec1){ref-type="sec"}. Briefly, MRI data were prepared using the DARTEL toolbox implemented in SPM12. FDG-PET and florbetapir-PET images were preprocessed using MRI data for partial volume effect correction and spatial normalization. Individual florbetapir uptake values were extracted in a predetermined neocortical mask [@bib22], [@bib28] (including the entire gray matter except the cerebellum, occipital and sensory motor cortices, hippocampi, amygdala, and basal nuclei) in all participants. Then, these values were used to classify participants as amyloid positive or negative using a threshold of 1.08. The threshold for positivity was determined on the basis of the mean florbetapir uptake values in the neocortical mask of a group of 49 HCs (mean age = 69.5 ± 5.7) using an iterative outlier approach [@bib29], [@bib30]. Among the 44 aMCI patients, 20 were classified as Aβneg aMCI and 24 as Aβpos aMCI. Note that all analyses were also performed after removing the eight "intermediate" cases defined as those having an standardized uptake value ratio (SUVr) value ranging from 5% higher to 5% lower than the threshold (i.e., between 1.03 and 1.14).

2.5. Statistical analyses {#sec2.5}
-------------------------

Statistica v.10 was used for all non-voxelwise statistical analyses, whereas SPM12 was used for all voxelwise analyses.

### 2.5.1. Demographic, clinical, and neuropsychological data {#sec2.5.1}

Continuous demographic and clinical data (age, education level, Mini--Mental State Examination) were compared between groups (Aβneg HC, Aβneg aMCI, and Aβpos aMCI) with single-factor (group) analyses of variance and post hoc comparisons when the effect of group was significant. Categorical variables (gender and apolipoprotein E (*APOE*) genotype) were compared using proportional χ^2^ tests (Pearson). All results were considered significant at *P* \< .05.

Neuropsychological W-scores were compared between Aβneg aMCI and Aβpos aMCI using two-sample t-tests, except for language (categorical variable) where proportional χ^2^ tests were performed. Bonferroni correction was applied to control for multiple comparisons so that a threshold of *P* \< .00625 (.05/8) was required for results to be considered as significant.

### 2.5.2. Neuroimaging data analyses {#sec2.5.2}

#### 2.5.2.1. Voxelwise analyses {#sec2.5.2.1}

The smoothed normalized gray matter segments issued from the DARTEL toolbox and the smoothed preprocessed FDG-PET images were entered in voxelwise full-factorial analyses with three groups (Aβneg HC, Aβpos aMCI, and Aβneg aMCI) and including age and education (and total intracranial volume for MRI data) as nuisance variables. The total intracranial volume was obtained by summing the volumes of the gray matter, white matter, and cerebrospinal fluid obtained from the T1-weighted images using the VBM12 toolbox implemented in SPM12. To address the issue of multiple comparisons, a voxel-level *P* (uncorrected) \< .001 threshold was combined with a cluster size allowing to achieve a corrected statistical significance for multiple comparisons of *P* \< .05 (as determined through Monte Carlo simulations using the AlphaSim program), that is, k \> 50 for MRI and k \> 120 for FDG-PET.

#### 2.5.2.2. Region of interest (ROI) analyses {#sec2.5.2.2}

In addition to voxelwise analyses, we also conducted ROI-based analyses in regions specifically sensitive to AD, that is, the hippocampus for structural MRI and the posterior association cortex for FDG-PET (see [Supplementary Materials](#appsec1){ref-type="sec"} for details).

All ROI measures were transformed into W-scores using the Aβneg HC as the reference, that is, age- and education-adjusted (and total intracranial volume for hippocampal volumes) Z-scores [@bib27]. Then they were compared between groups (Aβneg HC, Aβneg aMCI, and Aβpos aMCI) with single-factor (group) analyses of variance and post hoc comparisons when the effect of group was significant.

### 2.5.3. Discriminant analyses {#sec2.5.3}

Discriminant analyses were performed to assess the ability of each neuropsychological score and imaging biomarker to distinguish Aβneg aMCI from Aβpos aMCI. Areas under the receiver operating characteristic curve (AUC) of each neuropsychological score and each imaging biomarker were then compared to assess which measure was the most accurate to discriminate Aβneg from Aβpos aMCI. ROC analyses were conducted in Easy-ROC version 1.3 (<http://www.biosoft.hacettepe.edu.tr/easyROC/>).

3. Results {#sec3}
==========

3.1. Demographic, clinical, and neuropsychological data {#sec3.1}
-------------------------------------------------------

As illustrated in [Table 1](#tbl1){ref-type="table"}, the three groups did not differ in age, gender, and education level. The Mini--Mental State examination score was significantly lower in both aMCI patient subgroups compared to Aβneg HC but did not differ between the two aMCI subgroups. The proportion of apolipoprotein ε4 carriers was significantly higher in Aβpos aMCI compared to both Aβneg aMCI and Aβneg HC.

Aβneg aMCI showed lower baseline performance in nonepisodic memory tests compared to Aβpos aMCI, with a significant difference between groups for language and a trend effect for working memory. By contrast, Aβpos aMCI showed lower performance in episodic memory compared to Aβneg aMCI with a significant between-group difference for recognition and a trend effect for free recall ([Table 2](#tbl2){ref-type="table"}).Table 2Neuropsychological data for patients with amyloid-negative (Aβneg aMCI) and amyloid-positive (Aβpos aMCI) amnestic mild cognitive impairmentMeasureAβneg aMCI, mean ± SDAβpos aMCI, mean ± SDGroup comparisonFree recall (episodic memory)−2.0 ± 1.3−3.0 ± 1.5*P*~t-test~ = .02; Aβneg aMCI \> Aβpos aMCIRecognition (episodic memory)−3.5 ± 3.2−8.2 ± 5.1***P***~**t-test**~**\< .001**; Aβneg aMCI \> Aβpos aMCIVerbal fluency−1.1 ± 1.5−0.9 ± 1.7*P*~t-test~ = .67Language[a](#tbl2fna){ref-type="table-fn"}6/1318/6***P***~**χ2**~**\< .005**; Aβpos aMCI \> Aβneg aMCIShort-term memory−0.02 ± 1.1−0.1 ± 1.3*P*~t-test~ = .90Working memory−0.7 ± 0.7−0.1 ± 0.9*P*~t-test~ = .01; Aβpos aMCI \> Aβneg aMCIExecutive functions−1.0 ± 3.1−0.2 ± 1.9*P*~t-test~ = .31Visuospatial functions−1.4 ± 1.8−2.0 ± 4.8*P*~t-test~ = .64[^3][^4][^5]

The clinical follow-up was available in 38 of the 44 aMCI (18 Aβpos and 20 Aβneg) within an average of 31.2 ± 8.3 months (ranging from 7 to 43 months). Four (22%) of the Aβpos aMCI and none (0%) of the Aβneg aMCI converted to AD dementia. The remaining 14 Aβpos aMCI (78%) and 15 (80%) of the Aβneg aMCI remained diagnosed as aMCI. The diagnosis changed in the remaining four Aβneg aMCI patients (20%) for "reversion to normal," corticobasal degeneration dementia, suspected hippocampal sclerosis, and Lewy body dementia, respectively.

3.2. Neuroimaging data {#sec3.2}
----------------------

### 3.2.1. Voxelwise analyses {#sec3.2.1}

Compared to Aβneg HC, both Aβpos aMCI and Aβneg aMCI showed significant atrophy in the anterior part of the hippocampal region (including the hippocampal head and amygdala extending to the limen insula; see [Fig. 1](#fig1){ref-type="fig"} and [Supplementary Fig. 1](#appsec1){ref-type="sec"} for effect sizes). Atrophy also concerned the posterior part of the left hippocampus in Aβpos aMCI. No significant difference was found between Aβpos aMCI and Aβneg aMCI.Fig. 1Voxelwise gray matter and FDG-PET comparisons between amyloid-negative healthy controls (Aβneg HC) and amyloid-negative (Aβneg) and amyloid-positive (Aβpos) amnestic mild cognitive impairment (aMCI) patients. The threshold was set at *P* uncorrected \< .001, k \> 50 for MRI, and k \> 120 for FDG-PET. Effect sizes are presented in [Supplementary Fig. 1](#appsec1){ref-type="sec"}. Abbreviations: FDG, 18F-fluorodeoxyglucose; PET, positron emission tomography; MRI, magnetic resonance imaging.

Compared to Aβneg HC, both Aβpos aMCI and Aβneg aMCI showed significant hypometabolism in the posterior cingulate precuneus, angular gyrus, and middle frontal cortex ([Fig. 1](#fig1){ref-type="fig"} and [Supplementary Fig. 1](#appsec1){ref-type="sec"} for effect sizes). Hypometabolism was present also in the middle temporal gyrus in the Aβpos aMCI and the inferior temporal gyrus in the Aβneg aMCI. No significant difference was found between Aβpos aMCI and Aβneg aMCI.

The results were unchanged when excluding the "intermediate" aMCI cases with an SUVr value around 5% of the threshold.

### 3.2.2. ROI analyses {#sec3.2.2}

For the whole hippocampus volume (DARTEL-SPM12), both Aβpos aMCI and Aβneg aMCI showed smaller hippocampi than Aβneg HC while there was no difference between the two aMCI subgroups ([Fig. 2](#fig2){ref-type="fig"} and [Supplementary Table 1](#appsec1){ref-type="sec"}). The same results were found when assessing the anterior and posterior hippocampus and on hippocampal volumes obtained with FreeSurfer.Fig. 2Regions of interest comparisons between amyloid-negative (Aβneg) and amyloid-positive (Aβpos) amnestic mild cognitive impairment (aMCI) patients. Volumes and FDG SUVr are expressed as W-scores. Abbreviations: FDG, 18F-fluorodeoxyglucose; SUVr, standardized uptake value ratio.

In the AD-signature ROI, both aMCI subgroups had lower metabolism compared to Aβneg HC while no difference was found between Aβneg aMCI and Aβpos aMCI ([Fig. 2](#fig2){ref-type="fig"} and [Supplementary Table 1](#appsec1){ref-type="sec"}). The results were unchanged when excluding the "intermediate" aMCI cases with an SUVr value around 5% of the threshold.

3.3. Discriminant analyses {#sec3.3}
--------------------------

For the discrimination between Aβneg and Aβpos aMCI, the AUCs of free recall (episodic memory), recognition (episodic memory), language, and working memory scores were all significantly different from 0.5 ([Table 3](#tbl3){ref-type="table"}), which means that these measures were able to distinguish Aβneg from Aβpos aMCI patients (significant *P* values ranging from .002 to .02). By contrast, none of the neuroimaging measures had an AUC significantly different from 0.5 (*P* values ranging from .3 to .8). When directly comparing the AUC of the neuropsychological versus the neuroimaging measures ([Supplementary Table 2](#appsec1){ref-type="sec"}), all differences were in the same direction, that is, showing higher accuracy for neuropsychological scores to discriminate between Aβneg and Aβpos aMCI compared to neuroimaging biomarkers.Table 3Receiver operating characteristic curves for discriminating patients with amyloid-negative (Aβneg aMCI) from those with amyloid-positive (Aβpos aMCI) amnestic mild cognitive impairmentMeasureArea under the curveLower limit--upper limit*P* valueImaging biomarkers Hippocampus volume (DARTEL-SPM12)0.480.29--0.67.82 Anterior part0.460.28--0.64.67 Posterior part0.530.35--0.72.72 Hippocampus volume (FreeSurfer)0.540.35--0.72.70 FDG in AD-signature ROI0.600.41--0.78.30Neuropsychological scores Free recall (episodic memory)0.730.57--0.90.004 Recognition (episodic memory)0.740.58--0.89.002 Verbal fluency0.450.26--0.64.60 Language0.280.10--0.46.02 Short-term memory0.550.37--0.74.56 Working memory0.310.14--0.49.04 Executive functions0.490.29--0.67.89 Visuospatial functions0.410.23--0.59.34[^6]

4. Discussion {#sec4}
=============

This work explored differences between Aβpos and Aβneg aMCI patients in terms of cognitive deficits and brain patterns of atrophy and hypometabolism assessing all patients recruited and scanned in the same center. Our findings showed that differences essentially concerned the profile of cognitive deficits with more pronounced episodic memory deficits in Aβpos aMCI and greater language deficits (and working memory deficits as a tendency) in Aβneg aMCI patients. By contrast, both aMCI subgroups showed similar patterns of atrophy and hypometabolism in regions known to be sensitive to AD, that is, the hippocampus and posterior associative brain areas, respectively, with no substantial difference between subgroups.

Our findings of differential impairment of Aβpos versus Aβneg aMCI patients are in line with previous studies that reported greater episodic memory impairment in Aβpos aMCI [@bib11], [@bib12], [@bib15] and greater deficits in nonepisodic memory domains such as working memory and language in Aβneg aMCI [@bib12], [@bib20]. The neuropsychological and neuroimaging profiles of alterations of the Aβneg aMCI highlighted in the present study would be consistent with several neurological conditions or diseases. Thus, psychiatric conditions such as subclinical depression, vascular diseases, or age-related nonamyloid neurodegenerative diseases such as frontotemporal dementia and dementia with Lewy bodies could contribute or lead to similar cognitive [@bib31], [@bib32], [@bib33], [@bib34], [@bib35], [@bib36] and brain [@bib36], [@bib37], [@bib38], [@bib39] alteration profiles. As regard to possible neuropathological causes of Aβneg aMCI, TDP 43 proteinopathy might be involved in some Aβneg aMCI cases as it is known to be associated with episodic memory, language, and working memory deficits [@bib40], [@bib41]. Tangle-predominant pathology or, as more recently termed, primary age-related tauopathy, defined by AD-type neurofibrillary changes without, or with few, Aβ plaques are other likely pathological etiologies for Aβneg aMCI. Finally, hippocampal sclerosis and argyrophilic grain disease were found to be the main etiologies of Aβneg aMCI in a neuropathological study assessing seven Aβneg aMCI patients, none of which meeting the neuropathologic criteria for AD [@bib42]. These hippocampal-specific pathologies might also explain neurodegeneration in the absence of amyloid deposition in aMCI patients [@bib43], [@bib44]. Thus, Aβneg aMCI is likely a heterogeneous group with multiple possible etiologies.

As regard to neuroimaging, the profiles of atrophy and hypometabolism of Aβpos and Aβneg aMCI compared to controls were consistent with those found in the prodromal stage of AD [@bib45]. More specifically, previous studies consistently reported hippocampal atrophy and posterior associative hypometabolism in Aβpos aMCI in comparison to controls [@bib11], [@bib12], [@bib14], [@bib15], [@bib22]. Results are less consistent for Aβneg aMCI patients as hippocampal atrophy [@bib12], [@bib14] or hypometabolism [@bib15] has been reported in some but not all [@bib11], [@bib14] studies.

When directly comparing Aβpos to Aβneg aMCI patients, we did not find any significant difference in terms of atrophy or hypometabolism using both ROI and voxel-based analyses. Previous studies reported inconsistent findings with some showing greater atrophy [@bib12], [@bib13], [@bib14], [@bib21] or hypometabolism in Aβpos aMCI [@bib13], [@bib14], [@bib15], while other studies reported same degree of brain alterations between these two groups of patients [@bib11], [@bib22]. Similarly, it has been shown that hippocampal volume was not able to predict brain amyloidosis in aMCI (AUC = 0.56; *P* \> .05; [@bib46]). Methodological differences, including the methods used to measure hippocampal volume or to define amyloid positivity, could explain these discordances. However, we used different approaches to measure hippocampal volume (voxelwise, ROI-based with DARTEL-SPM12 versus FreeSurfer approaches, whole hippocampus vs. anterior/posterior segmentation), and they all lead to the same findings, so that the lack of difference in the present study is unlikely due to the method. Similarly, our findings remained unchanged when excluding the patients with an SUVr within 5% of the threshold (n = 8). Interestingly, voxelwise analyses showed that, despite an overall negative rating, the Aβneg aMCI had higher amyloid load than the Aβneg HC in the precuneus and frontal regions (see [Supplementary Material](#appsec1){ref-type="sec"}), suggesting that some of them already showed increased accumulation in selected brain regions compared to the controls. This has no impact on the conclusion of the article, especially as our results remained unchanged when excluding the "intermediate" cases (who did not differ anymore from the controls in terms of florbetapir binding when compared voxelwise; see [Supplementary Material](#appsec1){ref-type="sec"}). Yet, this further supports the relevance of subthreshold amyloid accumulation [@bib47], [@bib48], [@bib49], [@bib50], [@bib51]. Differences in the samples (sample size or degree of cognitive impairment) could also explain the discordances between studies. More specifically, the limited sample size in the present study might have prevented us from detecting neuroimaging differences due to limited statistical power. However, the differences were not even close to significance (all *P* values \> .40). Moreover, this limitation was partly compensated by the fact that all data were acquired in the same center on the same scanners (increasing homogeneity and thus sensitivity). Finally, apart from Landau et al. [@bib13], sample sizes were similar or lower in previous studies ([Supplementary Table 3](#appsec1){ref-type="sec"}). On the other hand, in two previous studies where hippocampal volume was significantly more atrophied in Aβpos aMCI compared to Aβneg aMCI, the former were also significantly more cognitively impaired (i.e., had lower Mini--Mental State Examination) than the latter [@bib13], [@bib21] ([Supplementary Table 3](#appsec1){ref-type="sec"}). It is thus possible that the greater hippocampal atrophy reflected the more severe cognitive deficits in the Aβpos aMCI in these previous studies, while in the present study, both aMCI subgroups had similar degree of cognitive impairment. As a whole, discordances in previous studies comparing neuroimaging data between Aβpos and Aβneg aMCI might reflect the heterogeneity in the size or degree of cognitive impairment of the samples or other methodological differences that limit the interpretations and comparisons between studies. The use of a control group (the Aβneg HC) seems of particular relevance so that both subgroups could be further characterized by comparison to a common reference group.

The lack of differences in volume and metabolism suggests that these specific profiles of atrophy and hypometabolism would not be due to the presence of Aβ and/or that two different processes (Aβ vs. another pathological process) could lead to the same patterns of alteration. Interestingly, at the AD dementia stage, the comparison between Aβneg and Aβpos patients led to similar cognitive findings (with greater deficits in language and executive functions in the former and in episodic memory in the latter), while neuroimaging findings differed from those found here in aMCI patients. Indeed, strong differences were found between groups with Aβpos AD being significantly more atrophied and hypometabolic than Aβneg AD patients in posterior associative cortical areas [@bib52].

The clinical follow-up revealed that, among the 38 aMCI patients followed over 7 to 43 months, 4 of the 18 Aβpos aMCI group converted to AD while none among the 20 Aβneg aMCI did. Moreover, three Aβneg aMCI patients developed another pathology (i.e., corticobasal degeneration dementia, suspected hippocampal sclerosis, and Lewy body dementia) and one reverted to normal cognition with memory complaint (subjective cognitive decline; [@bib53]). This further illustrates that aMCI is a heterogeneous entity that can be due to various underlying neurological or psychiatric etiologies [@bib11], [@bib12], [@bib54]. These differences in terms of clinical evolution between Aβpos and Aβneg aMCI suggest that Aβpos aMCI patients are on the way to AD dementia while Aβneg aMCI patients are progressively differentiating to another dementia.Research in Context1.Systematic review: Among amnestic mild cognitive impairment (aMCI) patients, 50% to 75% are classified as amyloid positive (Aβpos). A better understanding of what differentiates Aβpos from amyloid-negative aMCI patients would be useful for enrichment of clinical trials and to improve our knowledge of the role of amyloid deposition in the physiopathology of Alzheimer\'s disease.2.Interpretation: Aβpos aMCI had lower performances in episodic memory while Aβneg aMCI had worse scores in nonmemory tasks, but the two subgroups did not differ in their profiles of atrophy or hypometabolism.3.Future directions: In a sample of aMCI patients recruited and scanned in the same center, the main difference between Aβpos and Aβneg aMCI concerned the neuropsychological profile. The lack of differences in volume and metabolism suggests that these specific profiles of atrophy and hypometabolism would not be due to the presence of Aβ and/or that two different processes (Aβ vs. another pathological process) could lead to the same patterns of alteration.

Supplementary data {#appsec1}
==================

Supplementary Material
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[^1]: Abbreviations: MMSE, Mini--Mental State Examination; MADRS, Mattis Dementia Rating Scale; SD, standard deviation; ANOVA, analysis of variance.

[^2]: NOTE. All variables were compared using ANOVA and χ^2^ (Pearson) tests.

[^3]: NOTE. Scores and composite scores are expressed as W-scores relative to Aβneg HC (by definition, Aβneg HC mean ± SD = 0.0 ± 1.0).

[^4]: Between-group differences were assessed using t-tests and for categorical variable, χ^2^ test. *P* values \< .00625 (significant *P* values after Bonferroni correction for multiple comparisons) are in bold.

[^5]: Indicated is number of no error cases/number of one error or more cases.

[^6]: Abbreviations: FDG, 18F-fluorodeoxyglucose; AD, Alzheimer\'s disease; ROI, region of interest.
